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l INTRODUCTION 
We use a thermistor chain dala set from the Royal 
Navy's Admiralty Research Establishment {ARE) to in-
vestigate the multifractal characteristics of the mixed 
layer thermal strudure in the southwestern Iceland Sea 
near 69•N, 18°W in summer 1987 {Fig. I). Tile track 
was a single 200 km straight-line tow of a 380 m long 
thermistor chain near the eastern edge of the east Green-
land Current [Scott and Kil/worth, 1991]. The data show 
the existence of chimneys, indicating the nonstation-
ary and intermittent processes in the ocean mixed layer 
(OML). Here, we will investigate th• characteristics of 
intermittency and nonstationary in this thermistor chain 
data using the multifracta.I analysis. 
2 THERMISTOR CHAIN DATA SET 
A thermistor chain with 100 sensor pods along a 380 
m straight-line in vertical was towed al a speed of 4 
knots, sampled every 0.9 s, and gave a temperature pro-
file about every 2 m horizontally [Scot1 and Kil/worth, 
1991]. Each sensor pod along the chain measured tem-
perature, and about one in five also measured pressure. 
This allowed us to deduce the depth distribution of tbe 
temperature data. Figure 2 shows contour plot of tem-
pera.ture ranging from -2°C to 8°C with 0.2°C increment 
on a vertical cross-section between the two marked loca-
tions ·b' and 'e' (Figure I). As pointed by Scott and 
Kil/worth [19911, the data set shows a highly irregular 
oa•ure, which is a characteristic of the Denmark Strait 
region. 
3 DATA STATIONARITY 
What is the inherent variability of this high resolution 
temperature data? What is the statistical properties? 
First , we should investigate the data stationarity. For a 
given depth , the temperature da1a is a function of the 
horizontal coordinate, .1;1 
T; == T(r;). J:;:: ii, i == 0, l , .. ., A, A"' L/1 { !) 
476 AMERICAN Me·reOROLOGICAI. SOCIETY 
Figure 1 - The track along wWcb the thermistor 
chain ciAta. were taken (after Scott and Killwortb, 
1991). 
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Figure Z - Thermistor chain data from the section of 
track marked l>-e in Figure 1 (after Scott and KUJ.. 
worth, 1991). 
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where I = 2 m. is the hori2onLal resolution of the daLa. 
and l is the toi.al horizontal scale of the data set. Our 
data set has 2·1,000 temperature profiles, that is, A = 
24. 000. 
The data stationarity is usually tested by 'power law', 
t.bat 1s1 to compute t he power spcctrun1 o f t he data 
T(~t). 
E; = E(k; ), k; = j/ l, j = l, 2,. . ., A/2. (2) 
for a scaling process. one expecls power law behavior 
(Dovu, el al., 1994], 
(3) 
over a large range of wavenu mber k . Man delbrot {1982/ 
and Scilertzer and Lovejoy [1987] argued _that t he s pec-
tral exponent {3 con t a.ins information about the degree 
of stationa rity of the data. Davi& et al. [1994) found 
that if {3 < l , the field is stationary; if 1 < {3 < 3, the 
field contains nonstationary signal with stationary incre-
ments and in particular, the small-scale gradient field is 
stationary: if P > 3. the field is nonstationary. 
We computed the power spectrum of the temperature 
data for each depth. The spect.ral exponent is 
1 <{3<2 ( 4) 
which means the data field is nonstationary with station-
ary increments. figu re 3 shows an example of t he power 
spectrum for 40 m depth. Thus, the temperature field 
ls nonsr.aLionary process wlth sta~ionary increments. 'tVe 
may use the structure function and singular measure lo 
investigate the features of such field (Daui&, et al., 1994). 
4 STRUCTURE FUNCTIONS 
Since the thermis tor chain data set has stationary incre-
ments . we should study t he statistical cha racteristics of 
the grnd ient field, 
fAT(r; :r)I =IT{>:;+,) - T(:i:;)I, i = 0, I, ... , A- r . (5) 
The qth-order suucture function is defined by the mean 
ofthc qth power oflAT(r; ;i;)J , 
1 A-,,. 
S(r.q) =: {IAT(r::i:J l'l = ~ .l:: IAT{ r;:r)I'. (6) 
· r ia O 
llerc r - 1/k, is the lag between two data point-s. For 
example, r = l ,q = 1. the structu re function represents 
the average gradient , i.e., 
l A- 1 
S{ l . I)= A - 1 L: JT ( .c;+a) -T(.c;)I . (7) 
1:0 
In order to show the dependence of the structure function 
S(r, q) on rand q for the thermistor chain data, we plot 
Log2 (S(r , q)) (venical axis) versus log2(r) (horizontal 
axis) for different q-values from 0.5 to 4.0, as shown in 
Figure 4. We may use st raight lines with different slopes 
for each q, which means thM t.he structure function for 
th~ mixed layer temperature in t he southwestern Iceland 
Sea satisfies the power law 
S(r, q) - r<(t) (8) 
with the exponent ((q) depending on q. Our compu-
tation (figure 5) agrees quite well with earlier studies 
(Fnuh, 1991; Marshak el al., 1994): ((q) is monotoni-
cally and near-linearly increMing with q. Thus, we may 
represent ({q) by 
((q) = H(q)q (9) 
where H(q) is nearly a constant . 
for q = I, the structure function does not depend 
on r if H(I) = 0, which leads to the exact stationary. 
Besides, as long as((!) = H( l ) > 0, the temperature 
field T(z) is stochastically continuous, that is, when r 
is small, JT(z;+,) - T(:e,)I is too. furthermore, Mandel-
brot (1977) showed t hat 
Hi = /f{l) =((I)= 2 - D,(T J ~ 0 ( 10) 
where g(T) is the graph of T(z) and Dg(T ) is the dimen-
sion of the graph g(T). For an everywhere differentiable 
function T(z),tbe graph g(T) does not have fractal di-
mensions, 
D1cT ) = I
wh ich shows a smooth curve with the dimension of 1. If 
the graphs g(T) fill the whole space (exact stationary), 
which leads to H 1 = 0. 
5 SINGULAR NIEASURE 
To investigate the intermittency of the data, we com-
puted the small scale differences 
AT{l;:i;;) = T(x;+i) -T(x1), i = 0, 1, .. ., A - I, ( II ) 
its normalized values 
!AT( l ; z;)I 
t {l ; :t,) = (1 6.T(l;.r,)I)' 
1 A - I 
(11.\T( l; z,)I) =AL: fAT( l ; .c, )I 
i : O 
(12) 
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FigW"e 3 - Power •Pe<:trum of the thermistor data at 
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Figure s - The i@tll functions for different deptba. 
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and the nveraged valued 
l i+r-1 
<(r;,;i)=- L c( l ;:c;). i: O, l ..... A-r (13) 
r j=i 
which is called the singular measure. Dams ti al. (1994) 
shows thaL (t(r; :i:,)t) has a power law dependcoce 0 0 
scale r for many natural processes . To see if their view. 
points are valid for our thermistor chain data, we plot 
Logz {t(r; x; )' ) versus Logi(r) for different q-values aL 
40 m depth (Figure 6) . T he relationship between the 
two is rcpr~ented by straight lines with different slopes, 
which confirm the power law 
(t(r; r;)•) - r- KCt), q ~ 0. (14) 
The dependence of the slope on q (Figure 6) indicates 
t.bat the exponent K (q) is a runction or q . 
We have plotted K(q) versus q for the thermistor data 
at different depths (Figure 7) , and notice that 
K(O) = l<(l ) = 0 (15) 
and the convexity 
d2 K (q) 0 
dq2 > (16) 
for aU q. These features follow direct ly from the defini-
tion [Davis et ol., 1994). We also have 
K(q) < 0 only if 0 < q < I ( 17) 
which reflects t he fact that , in tbis range, taking a qth 
power necessarily reduces the fluctuation of c( r ; "• ); :.nd 
otherwise 
K(q) ;:: 0, if q ~ 0 {18) 
Following Grassberger {1983! and Hentschel anti Pro· 
caccia (1983) we may define a function 
C(q) = K (q). 
q - J 
(19) 
For q - I, we can use /'Hosptal's ru le to define a straight-
forward measure of inhomogeneity in the sense or singu· 
l11r measure [Davi• el al., 1994): 
C1 :: C( I) = l<'(l) ~ 0 (20) 
which i1 called the in1ermit1cocy parameter. The larger 
the value of C 1, t he more the intermitteucy and singu· 
lllrity the data •et haa. 
6 NIULTIFRACTAL PLANE 
The parameter C1 measures directly the degree of in-
termittency in the system, while H 1 directly measures 
its degree of nonstationarity. The plot of C, versus H,, 
called the multifractal plane, shows the degree of nonsta-
tionarity and intermitteucy. F igure Sshows the (H1,Ci) 
values for several different depths of the thermistor chain 
data. We find much larger depth variation in H 1 than in 
C1• All the values of C1 are quite close to 0.1. However, 
the values of H 1 have a large variation. Besides, the 
nonstationarity decreases from the surface mixed layer 
wat-er (20 m, 40 m, and 60 m) to the thermocline water 
(80 m, 100 m). 
7 CONCLUSIONS 
The multifractal analysis provides a useful framework for 
analyzing ocean dMa when complex nonlinear processes 
are at work. The upper layer thermal structure in the 
southwest ern Iceland Sea bas the following features: 
(t) The spectral exponent is between I and 2, which 
means the data field is nonstationary with stationary 
increments. 
(2) The inttermitency and singu larity parameter C1 is 
around 0.1 with •very small variation in depth. 
(3) The stationarity parameter H, has a large varia-
tion, changing from high values (0.45-0.5) in the mixed 
layer to low values (0.28-0.4) in the thermocline. 
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Figure 6 - Obtaining the K(q) function for 40 m 
depth data. 
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Figure 7-The plot ofK(q) against q from the surface 
to 200 m depth . 
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Figure 8 - the multlfl"11cta! pllUl~ for tbg ao11t hwe3t-
ern Icelaqd Se11 th ermal ~trncturit. 
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